ABSTRACT: Astrong density-dependent relationship has been observed for the walleye pollock Theragra chalcograrnrnapopulationin the WesternGulf of Alaska. It has been suggested that thisrelahonship may be attributed in part to egg cannibalism by the adult spawning stock. This hypothesis was examined by collecting stomach samples of walleye pollock from the main spawning area over 5 yr. Eggs were prevalent in many stomachs, especially in those from the older age classes. The mean number of eggs in the stomachs was not related to the overall amount of food in the stomach but was linearly related to the density of eggs in the water column. Total egg consumption wasestimated for3 years (1986,1988, and 1989) and was found to be only a small (< 1) percentage of the total egg production. Even dunng a year (1981) of peak adult abundance, the total calculated egg consumption was less than 3 % of the total egg production. A passive filtration model provided estimates similar to those observedin the field. We conclude that egg cannibalism alone would not account for the high egg mortalities observed.
INTRODUCTION
The role of density-dependent versus density-independent processes is of fundamental concern to understanding fish population dynamics. In the case of walleye pollock Theragra chalcogramma in the western Gulf of Alaska, a strong negative relationship between the number of new recruits and the spawning stock biomass has been observed (Megrey 1989a, b) , suggesting compensation. One mechanism that could lead to such a relationship is cannibalism on young stages ( h c k e r 1954) and especially on eggs (MacCall 1981) . Kim & Gunderson (1989) suggested that cannibalism on eggs by adult pollock, which are concentrated in the area of maximum egg abundance for prolonged periods of time, may be one cause of the substantial (32 to 35 % d-l) early mortality observed in this population.
Walleye pollock form dense spawning aggregations in the deep troughs of Shelikof Strait during late March and early April (Kim 1987 , Hinckley et al. 1991 . Extensive patches of eggs are produced which occur at high densities (>50 m-" relative to most other pelagic spawning teleosts (Kendall et al. 1987 ). The eggs incubate at depths between 100 and 300 m (Kendall & Kim 1989) for about 2 wk at 5°C (Haynes & Ignell 1983 , Bailey & Stehr 1986 ). In areas with dense spawning aggregations, pollock egg patches can exhibit mean densities up to 68 times background levels in the strait and persist for the entire incubation time and well into the larval period (Incze e t al. 1989) .
Although the highly vulnerable egg and early larval stages are susceptible to predation from a diverse array of invertebrate predators, juvenlle and adult fishes may often be the source of the greatest predation mortality (Hunter 1984 , Bailey & Houde 1989 . In this paper, w e report on the results of 5 yr of pollock stomach sampling during their peak spawning period in the western Gulf of Alaska. We also report e g g predation by other pelagic fishes. Using these data, we estimate the contribution of egg cannibalism to the total e g g mortality for the Shelikof Strait population, and the potential role of density-dependent egg mortality in population regulation. A passive filtration model is proposed, and predictions are compared with observed data. and spawning adults from 1985 through 1989. An meters and a bathykymograph. Tows were doubleextensive station grid was initially surveyed in order to oblique from the surface to near bottom. Upon comlocate areas of high egg abundance (Incze et al. 1989) .
pletion of the initial sampling, the areas of highest Eggs were sampled using 60 cm MARMAP bongo gear concentration were resampled for egg abundance. equipped with 505 C L m mesh nets, calibrated flowPotential fish predators were collected using Diamond and Marinovich midwater trawls (198.5 to 5g0 N 1988) or pelagic rope trawls (1989) . All trawl codends were fitted with fine-mesh (1 cm) liners to capture the full size range of fish predators available. Specific trawl locations (Fig. 1, Table 1 ) were selected based on the presence of strong acoustic signal readings on a 38 kHz seO echosounder and chromoscope at the depth of high egg abundance. The trawl was lowered to this depth and towed for short periods of time (generally less than half an hour) before retrieval. The depth of the trawl was monitored using a headrope-mounted netsounder.
, During years when several hauls were made, an attempt was made to space the collections throughout the die1 period (Table 1) .
Once the trawl was aboard, a representative subsample of the length distribution of each potential predator was set aside for stomach sampling. Regurgitation dissecting microscope and eggs were removed and dant pelagic predator, were preserved whole at sea and analyzed in the laboratory during the last 2 years of sampling. The entire contents of these stomachs were removed and the relative fullness of each stomach was visually assessed and assigned a rank from 0 (empty) to 5 (fully distended). The contents were identified to major taxonomic categones and weighed to the nearest 0.001 g only for the years 1988 and 1989. A daily ration (D) for walleye pollock was estimated for each year i (1986, 1988 and 1989 only) using the following model:
which requires an estimate of gastric evacuation rate (R) and the mean weight or number of prey over a 24 h period (F) (Eggers 1977 Estimates of R are usually determined in the laboratory. We used estimates of juvenile walleye pollock evacuation rates given by Smith et al. (1989) appropriate to the temperatures and meal sizes for our study. We have assumed that the evacuation rate for eggs is about the same as for other food types. Since evacuation rates are known to be dependent on body size, we scaled the rates for juveniles to the mean predator size in each year according to the relationship given in Smith et al. (1989) .
As a check on the suitability of these evacuation rates, we attempted some preliminary experiments at sea using adult walleye pollock (39 to 53 cm) collected in brief midwater trawls. These fish were maintained in a large covered deck tank supplied with filtered seawater at around 5 "C for 24 h prior to use in the experiments. The pollock were each then force-fed a gelatin capsule containing 50 fertilized eggs and allowed to digest these for set periods of time. Previous experiments had shown that it takes 1 to 2 h to break down the gelatin capsules in pollock stomachs. Three fish were then sacrificed at 4, 8, 12, 16 and 24 h after feeding and the eggs remaining in the stomach were recovered.
The number of eggs consumed during each year i (Ci) was estimated by the following:
where Nj = abundance of consumers; I = incubation time in days ( = 14) . This assumes that all the spawning takes place simultaneously and that all predators are in the area of maximum spawning throughout this 2 wk period. Neither of these assumptions is entirely valid. However, data for 1981 indicate that the 14 d around the peak spawning time encompasses around 90 to 95 % of the annual egg production (Kim & Gunderson 1989) . Although some adults may move out of the main spawning area before all the eggs have hatched, this fraction is generally very small. Hence, our estimates may be considered the maximum possible consumption by the predators.
The abundance of potential predators in the area of maximum egg density was determined from hydroacoustic and trawl surveys conducted on the 'Miller Freeman' 1 to 2 wk before the egg survey. Predator abundances were estimated based on hydroacoustic transect densities averaged for the 50 m directly above bottom within a standardized area of ca 8500 km2 (Fig.  1) during the 3 years (1986, 1988, and 1989) for which a sufficient number of stomachs were examined. These abundances represent 76.9, 77.4, and 74.2 %, respectively, of the total Shelikof Strait hydroacoustic abundance estimates from the 3 years. Each transect density was weighted by the number of observations made along that transect. The total abundance was apportioned to the various year classes based on age frequency distributions available from trawl catches in the area of maximum egg density (E. Nunnalee & N. Williamson, NMFS, Seattle, unpubl.) .
In order to measure filtration rates of adult pollock, fish were collected in midwater hauls and individually placed in 300 1 polyethylene enclosures filled with filtered seawater and containing a known concentration (1 per liter) of buoyant eggs. These enclosures were then suspended in the deck tank aboard the research vessel and covered with dark plastic. The fish were then removed at predetermined time intervals (< 1 h) and their stomachs excised and examined for eggs.
RESULTS

Occurrence of eggs in stomachs
Eggs were found in at least some pollock stomachs collected from each of the 24 hauls made ( Table 2) . With the exception of most of the collections made during 1989, pollock eggs were found in at least half the stomachs containing food in each haul. Egg numbers varied greatly among hauls but generally showed a decrease in maximum and mean eggs consumed in the last 2 years (Table 2) .
Only 1 of the 69 eulachon (length range 102 to 240 mm) examined from 7 hauls in 1988 and none of the 65 eulachon examined from 6 hauls made during 1989 (97 to 229 mm) contained eggs. Since eulachon were in spawning condition when collected and their stomachs contained only trace amounts of food, we will assume that any egg consumption by eulachon at this time of year was insignificant and restrict all further data analyses to pollock. Eggs from 21 walleye pollock stomachs collected during 1985 were assigned to early (1 to 5 d old), middle (6 to 7 d old) and late (8 to 14 d old) stages of development. In the sample of 981 eggs, 85.5, 3.2, and 7.5 O/O were determined to be early, middle, and late stages, respectively. Of the remaining eggs, 1.4 O/u were unfertilized and 2.3 % were too digested to be reliably staged.
Proportion of diet consisting of eggs
Walleye pollock consumed a variety of foods during the 2 years in which detailed stomach analysis was done. Pollock eggs were the dominant food by number during 1988, comprising almost two-thirds (64.3 %) of the total number of prey items consumed (Fig. 2) . By weight, however, eggs were the fourth most important prey comprising about 5 O/O of the total food weight. The percentage of eggs in the total food consumed ranged from 57 to 78 O/O and 1 to 16 'V0 by number and weight, respectively, in the individual hauls. The most important prey overall by weight were decapods, resulting mainly from the occurrence of several large pandalid shrimp (Pandalus spp.) in the stomachs from one station Euphausiids (mostly Thysanoessa spp.) were the second most important food by both weight and number during 1988 (Fig. 2) .
Small prey dominated the diet numerically during 1989, with copepods, poliock eggs, and larvaceans Number accounting for 86.3 % of the total food consumed (Fig.  3) . Because of the preponderance of copepods in some stomachs, eggs were relatively less important numerically but were actually of greater importance in terms of biomass compared with the 1988 results. Fish were the dominant prey by weight during 1989 and consisted almost entirely (> 99 %) of age-l juvenile pollock (length range 9 to 12 cm) found in adult pollock collected in hauls 4 and 6.
Die1 consumption of food
Collections were grouped into 4 h time intervals in order to examine diel trends in feeding. Mean stomach fullness, as expressed by both percent body weight and fullness code, exhibited significant diel variations (Kruskal-Wallis Test, p<0.001) peaking during the early morning (06:OO to 10:OO h) and declining throughout the remainder of the day (Fig. 4) . Both the mean number of eggs per stomach and the percentage of stomachs containing eggs were similar for most time periods (Fig. 4) but showed a substantial increase during the night (22:OO to 02:OO h). These increases are attributed mainly to the large numbers of fresh eggs in pollock stomachs collected during 1989 in haul 7 (Table 2) .
Dietary variations by age and maturity
The size distribution of fish analyzed during 1988 and 1989 shows several distinct modes corresponding to the different pollock age groups present in the strait (Fig. 5) . The first 2 modes, centered around 120 and 220 mm, represented 1 and 2 year-olds; these immature fish were examined separately from the age-3+ pollock in spawning condition. Although stomach fullness, expressed by both percent body weight and fullness code, was much higher in the age-l fish than in either of the other groups, these fish consumed a similar mean number of eggs as the age-2 fish, and significantly (Mann-Whitney Test, p < 0.001) fewer mean eggs than high for the 8 h immediately after feeding but then the age-3+ fish (Table 3) . Walleye pollock eggs were declined rapidly after that time (Fig. 7) . After 24 h , found in only 5 of the 62 (8.1 %) age-l fish and 3 of 22 there were few eggs left in the stomachs and 1 of the (13.6 %) age-2 fish examined compared with 165 of 323 3 stomachs contained no eggs at all. (51.1 O/O) of the age-3+ fish. Since the majority of the stomachs we examined from both years were age-3 and older, the proportions of walleye pollock eggs by Egg consumption estimates both weight and number within this group increased only slightly (< 1 % in all cases) from those shown in Using yearly mean abundance of eggs found in the Figs. 2 & 3. stomachs and size-adjusted evacuation rates, we estiOverall food consumption and number of eggs per mated the number of eggs consumed per day for age stomach were analyzed by stage of maturity for the classes combined and for fish ages 3 and older (Table 5 ). walleye pollock stomachs collected during 1989, the These estimates show a substantially higher consumponly year for which maturity data were available (Table  tion for 1986 than for either 1988 or 1989. The estimate of 4). There were significant differences in the mean total egg consumption by the entire population, as stomach fullness, expressed as a percent of total body estimated from hydroacoustic surveys in 1986, was only weight, and the number of eggs per stomach (Kruskalabout twice that of 1988, the next highest year (Table 5 ). Wallis Test, p <0.001 for both) among the 4 maturity Given the uncertainties in the estimates we used for groups. The highest egg consumption and lowest evacuation rates and adult population abundances, we stomach fullness were found for the actively spawning calculated egg consumption rates using alternative valindividuals, whereas the lowest egg consumption and ues for these 2 parameters to estimate maximum potenhlghest stomach fullness were found for immature and tial consumption. We first assumed that the evacuation developing fish (Table 4) .
rates could be twice those used in Table 5 . We also used the total spawning biomass in the western Gulf of Alaska determined from cohort analysis (Hollowed & Relation to abundance in the plankton Megrey in press) as well as the more localized abundance determined by hydroacoustic estimates. Although most The mean number of eggs found in the stomachs for of the walleye pollock In the western Gulf of Alaska each haul was positively related to egg density spawn in Shelikof Strait, the cohort analysis may throughout the water column determined from plankinclude a small percentage of pollock which spawn ton collections at the nearest grid station. The relation elsewhere; therefore, these abundances are probably between these 2 variables was best described by a logoverestimates and were used to reflect the maximum log function (Fig. 6) . The 95 O/O confidence interval of possible predator abundance. Egg consumption the regression coefficient was 0.308 to 1.986. This estimates based on combinations of these 2 digestion range included a slope of 1.0 and therefore suggests rates and adult abundances were compared with that these eggs were consumed in proportion to their annual estimates of egg production (Hollowed & Megabundance in the plankton. rey 1990) based on age-specific maturity rates, fecundity, and abundance estimates for the 3 years. Using Egg evacuation experiments the most liberal estimates for both the evacuation rates and adult walleye pollock population estimates, polAlthough there was some variation among individual lock consumption ranged from 0.10 to 0.22 % of the fish, the number of eggs left in the stomach remained total egg production for the 3 years (Table 6 ). 1986 1988 1989 Egg filtering model Because pollock are not actively feeding during the spawning season and not likely to see eggs at depths of 200 to 300 m, it seems plausible that eggs are passively ingested by retention on the gill rakers during ventilation. A simple passive filtration model was constructed to compare predictions of egg consumption against field data. The model used is as follows:
where E = egg consumption (number consumed d -l ) ; V = ventilation volume (1 d-' kg-') which is a function of O2 consumption rate and O2 utilization; R = retention efficiency, here assumed to be 100 %; B = fish biomass (kg); and D = egg density (no. I-'). Band D a r e data inputs, and V was approximated (laclung data on walleye pollock) from the relationship between respiration rate and ventilation volume of trout with 10 O/O oxygen utilization at 5 "C (from Shelton 1970) . The respiration rate of walleye pollock at 5.5 "C is from Smith et al. (1988): where Y = oxygen consumption (yl g-1 h-'); and X = temperature (5.5 "C). The ventilation volume thus calculated was 0.864 m3 d-' kg-'.
The number of eggs filtered per hour in the lab experiments was highly variable (range 2 to 88) averaging 17.3 eggs h-'. Using our model, we predict that our experimental fish at a n average weight of 0.65 kg would filter around 23 1 h-' and, at a density of 1 egg 1-' used in the experiments, consume 23 eggs h-l.
Daily egg consumption was calculated from the filtration model for the range of egg densities observed (assuming eggs are all in the bottom 100 m). The mean number of eggs per stomach was calculated from Eq.
(1) by solving for F with R at 0.03 and 0.06, which represented slow and fast evacuation rates, respectively. The mean fish size used was 0.5 kg (from Table  5 ). Predicted numbers of eggs per stomach fit observed data fairly well, especially at high egg abundances (Fig. 6) . The model tended to overestimate eggs per stomach at low egg densities.
DISCUSSION
There are several sources of bias associated with our egg consumption calculations which may impact our results. As in any study that utilizes trawl-caught fishes, a potential for feedlng in nets during capture exists in our study. Eggs consumed in the codend could Table 6 . T h~r a g r a chalcogramma. Estimated yearly egg consumption rates for adult pollock (age 3+) from Shelikof Strait calculated using combinations of 2 different evacuation rates and abundances levels for the 3 years. See text for derivation of the different models. originate from either previously spawned eggs floating in the plankton or from eggs extruded from ripe females as they are compressed in the net. We believe that the first method of post-capture ingestion is unlikely since the codend mesh size was large enough (1 cm) to allow particles much larger than pollock eggs to pass through. Although some contamination from the second situation is possible, most of the eggs found in the stomachs were fertilized and many were at advanced stages of development (as exemplified by the 1985 eggs we staged) and well digested. Another source of error may be the assumption that evacuation rates for eggs ingested in the field are similar to those found by Smith et al. (1989) for juvenile pollock feeding on shrimp in the laboratory at similar temperatures. Although we were not able to find any studies which compared the evacuation rates of fish eggs to those of other prey under the same conditions, the few laboratory and field studies available on egg clearance times suggest that these are relatively short, generally less than 24 h (Hunter & Kimbrell 1980 , Daan et al. 1985 . To account for potential error in evacuation rates, we used a range of values (ca 17 to 34 h) in our calculations which bracketed 24 h. Our preliminary field experiments using adult pollock force-fed gelatin capsules containing a known number of eggs showed almost complete evacuation in about 24 h at 5 'C. This time to complete evacuation of eggs may be high because of the use of the capsules and the potential stress to the fish caused by force-feeding. Thus the field experiments demonstrated that the range of evacuation rates we used was probably realistic. Based on our field data, walleye pollock show a distinct die1 periodicity in feeding such that stomach fullness is at a maximum during the early morning and then declines at a rate sufficient to empty the stomach by the next feeding cycle.
The lower cannibalism rates in the younger age groups (ages 1 and 2) may be related to their vertical distribution in the water column. Pollock in Shelikof Strait show vertical stratification by age groups with a substantial increase in mean age with depth (Muigwa 1989, E. Nunnallee, NMFS, Seattle, unpubl.) ; the majority of the adult spawners are found in the deepest layers. The younger age classes were relatively rare in our predator haul collections, and we suspect that they were captured mainly at shallower depths during the descent and ascent phases of the hauls. Kendall & Kim (1989) found the highest egg densities in the lowest layers during the 1985 spawning season with over 70 % of the eggs found at depths > 218 m and only 2.5 % of the total egg abundance found at depths shallower than 157 m. These authors also found a good correlation between the density of eggs in depth-stratified plankton tows and the number of eggs in pollock stomachs sampled from trawl hauls in the same layers. Significantly higher egg abundances were found in stomachs collected from the deeper layers. Thus we feel that our abundance estimates calculated from only the lower layer spawning concentrations (47.3 % of the entire water column abundance in 1988) better approximate the actual population consuming pollock eggs than those calculated from all layers.
Eggs preyed upon by adults were primarily those in the early stages of development. This corresponds to the known vertical distribution of eggs, with the younger stages located deeper, overlapping the habitat of mature adults (Kendall & Kim 1989) . Following hatching, the larvae rise in the water column and are generally chstributed in the upper 60 m of the water column (Kendall et al. 1987 ). Residence at this depth during the vulnerable yolk-sac or early larval period may provide larvae with a refuge from fish predators residing at greater depths below the thermocline. Based on hydroacoustic and survey data, abundances of fishes in the surface layers during the late spring months are generally low in Shelikof Strait. Examination of a limited number (n = 29) of juvenile and adult pollock stomachs collected from 3 hauls taken in the upper 100 m during the late larval period (24 May to 1 June 1988) revealed no evidence of cannibalism on pollock larvae (Brodeur unpubl.) . Eulachon, the only other abundant pelagic fish found in Shelikof Strait, also reside near the bottom in spring (Williamson in press).
We believe that the cannibalism we observed on eggs is not the result of active selection of eggs over other potential prey, but rather a passive ingestion during normal gill ventilation. Several lines of evidence support this conclusion. Pollock eggs are generally smaller than most of the normal prey items of adult pollock such as adult copepods, euphausiids, and fishes (Dwyer et al. 1987) , and the overall biomass of these evasive prey may be several orders of magnitude greater than that of pollock eggs. Pollock eggs were often the only items found in the stomachs in actively spawning individuals during the spawning season, at a time when feeding motivation appears to be at its lowest level during the year (Dwyer et al. 1987) . We found that actively spawning fish had little food in their stomachs overall compared with non-spawning fish yet they consumed a substantial number of eggs. Also, light levels at the depths where most of the cannibalism occurs are probably insufficient for pollock to visually cue on eggs. Finally, predicted results from a passive filtration model fit observed data surprisingly well, considering the crude approximations of adult behavior, physiology, and vertical distributions used in the model. An explanation for the filtration model tending to overestimate egg consumption at low egg densities might be that the eggs are older and more vertically dispersed at low densities ( k m 1987) .
Although the egg production estimates are also subject to some sampling error, they are of the same order of magnitude as independent estimates based on field data (5.0 X 1014 for 1986; Bates 1990). Both estimates of egg abundance indicate that the number of eggs produced is several orders of magnitude above the estimated number consumed. Despite the low consumption rates we found during the later years of our study. the high numbers of eggs found in the stomachs during some years could have affected recruitment dynamics during years of peak walleye pollock abundance. The empirical relationship between egg density in the plankton and consumption by pollock was linear, suggesting a density-independent functional response. This is in contrast to the situation suggested for filterfeeding anchovy off California and South Africa where egg consumption rates increased at higher egg densities (Hunter & Kimbrell 1980 , Valdes et al. 1987 ). The few data points we have at the higher egg densities, however, lie along or above the predicted regression equation (Fig. 6) , suggeshng that this relationship could be nonlinear at high densities. Therefore, the annual losses due to cannibalism could have been significant during the early 1980s when walleye pollock population sizes and egg densities were extremely high relative to the years we examined.
Although stomach content data is not available from this period, we attempted to examine the magnitude of predation at these high stock levels based on the data on hand. If we extrapolate our egg density to eggs per stomach relationship [ln(eggs per stomach) = -10.02 X 1.15 ln(egg density)] beyond our existing data up to the mean egg density found in the egg patch during 1981 (221 571 eggs 10 m-2; Incze et al. 1989 ) and use evacuation rates adjusted for the estimated mean weight (516.9 g) of age-3 and older fish from the hydroacoustic cruises that year (Kim & Gunderson 1989) , we arrive at a mean of 60.1 eggs per stomach and a daily consumption of from 41.5 to 83.1 eggs per fish (Table 7) . These estimates are higher than the mean estimates for the years for which we do have data, but these mean numbers of eggs per stomach are substantially less than the highest number of eggs per stomach recorded in our analysis (Table 2) ; hence, we feel that it is not an unrealistic number. Adult abundances (for fish age 3 and older) and egg production estimates were calculated as before from cohort analysis (Hollowed & Megrey in press) and from the 1981 hydroacoustic surveys (Kim & Gunderson 1989) . Our estimates of the egg consumption by walleye pollock during 1981 lie between 0.6 and 2.1 % of the total egg production ( Table 7) . This estimate is supported by applying the filtration model to the 1981 egg abundance data. In 1981, the average number of eggs per m3 was 223; therefore, the average fish would be expected to passively filter 112.4 eggs d-l, assuming a retention efficiency factor of 1.0. An adult fish biomass of 3.8 X log kg in 1981 would filter 3.29 X 10' m3 d-l. Estimating that eggs inhabit a volume of 11.4 X 10" m3, adults would filter 0.29 % of available water per day. Therefore egg loss would be 4 % over the 14 d incubation period. This value lies above our field estimates at slow and fast evacuation rates (Table ? ), but the assumption of 100 O/O retention efficiency of eggs by adult pollock may not be realistic.
In summary, we conclude that cannibalism is unlikely to be a major source of the high egg mortality seen in 1981; the remaining losses must be attributable either to transport out of the sampling area or to consumption by invertebrate predators or smaller pelagic fishes (e.g. Pacific sand lance Ammodytes hexapterus) unavailable to our trawls. As a consequence of relatively low egg mortality due to cannibalism even in a high adult stock biomass year, we further conclude that pollock egg cannibalism is unlikely to be a major factor in density-dependent stock recruit relationships in this population.
Extensive predation by adult pollock on juveniles has previously been documented for the Bering Sea walleye pollock population (Dwyer et al. 1987 , Bailey 1989 , Table 7 . Thel'd~~ld chdlcoyrdmma. Estimated egg consumption and product~on tor 1981 based on slow and fast evacuation rates and abundance and egg production rates from cohort analysis (Megrey unpubl.) Livingston 1 9 8 9 ) , b u t t h e relationship b e t w e e n t h e m a g n i t u d e of c a n n i b a l i s m a n d s u b s e q u e n t r e c r u i t m e n t of t h e y e a r class i s u n c l e a r (Francis & Bailey 1983 , Bailey e t al. 1986 ). C a n n i b a l i s m o n juveniles h a s n o t been d o c u m e n t e d i n t h e limited f e e d i n g s t u d i e s c o nd u c t e d to d a t e o n t h e pollock p o p u l a t i o n of t h e W e s t e r n Gulf of A l a s k a ( M e g r e y 1 9 8 9 a ) . H o w e v e r , t h e h i g h c o n s u m p t i o n of l -y r -o l d pollock b y t h e o l d e r a g e g r o u p s w e o b s e r v e d d u r i n g 1 9 8 9 m e r i t s f u r t h e r s t u d y a s a possible d e n s i t y d e p e n d e n t m e c h a n i s m o p e r a t i n g i n this p o p u l a t i o n .
